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By Wal te r  F. Burke 

This r e p o r t  p r e s e n t s  c h a r t s  which r educe  t h e  s t r e s s  
a n a l y s i s  of c i r c u l a r  and e l l i p t i c  r i n g s  of un i fo rm c r o s s  
s e c t i o n  s u b j e c t e d  t o  ba lanced  sys tems of c o n c e n t r a t e d  
l o a d s  f r o m  a s t a t i c a l l y  i n d e t e r m i n a t e  problem t o  a s ta t%& 
c a l l y  d e t e r m i n a t e  one,  T'ne c h a r t s  a r e  c o n s t r u c t e d  for t w o  
simple l o a d i n g  c o n d i t i o n s  i n t o  which m o s t  o f  t h e  load , i ag  
c o n d i t i o n s  encountered  i n  t h e  d e s i g n  of t h e  main f r a n e s  of  
a monocoque f u s e l a g e  may be r e s o l v e d .  

The t h e o r e t i c a l  c a , l c u l a t i o n s  r e q u i r e d  f o r  t h e  con- 
s t r u c t i o n  o f  t h e  c h a r t s  employed t h e  ttmininrum enorgy meth- 
od" but a r e  omi t t ed  i n  t h e  r e p o r t ,  

To demonst ra te  thl; use o f  t h e  c h a r t s  i n  tize s t r e s s  
a n a l y s i s  o f  e l l i p t i c  r i n g s  an i l l u s t r a t i v e  problem is i n -  
c luded ,  

INSRODUCTIOX 

The des ign  o f  n a i n  frames f o r  monocoque fuselageq bas 
beeil d i s c u s s e d  by Roy A. M i l l e r  9q r e f a r e n c e  L P  wbere ;ne 
a l s o  deve loped  e q u a t i o n s  f o r  t i l o  sbena ,  t l i rugt ,  and no3ent  
i n  a c i r c u l a r  r i n g  of un i form c r o s s  s e c t i o n  q u b j c a t e d  t o  
ba lanced  s y s t e a s  of c o n c e n t r a t e d  l o a d s  s y r m e t r i c a l  v i t h  
r e s p e c t  t o  a diameter .  A s  t h e  rnonocoque fusola3.e i s  per-  
haps more o f t e n  e l l i p t i c a l  thw a i r - c u l a r  i n  socCion, t h o  
author has exteudod t h e  s o l u t i o n s  g iven  in r e f a r o n c e  1 t o  
i n c l u d e  t h e  e l l i p t t o  p ing  o f  u a i f a r m  c r o s s  s e c t i o n  s u b j e c t -  
ed t o  ba l anced  system6 of c o n c e n t r a t q d  loads symmetricE.1 
w i t h  r e s p e c t  t o  t h e  rqajor a x i s .  

From s t ructural  t h e o r y  and d imens iona l  r e a s o n i n g  i t  
developed t h a t  f o r  any Loading c o n f i i t i o n  t h e  s h e a r ,  t k r u s t ,  
and moment at  any .po in t  i n  a r i n g  c o z l d  be redztced t o  co- 
e f f i o i e n t  f o r m  and p r e s e n t e d  c o n v e n i e n t l y  i n  c k a r t s ,  and 
that w i t h  a s e r i e s  03 t h e s e  c h a r t s  t h e  s t r e s s  a n a l y s i s  o f  
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t h e  r i n g  i s  reduced 
lein t o  a s t a t i c a l l y  

y be c o n s i d e r e d  

theo ry ,  

To demonst ra te  t h e  use of t h e  c h a r t s  in t h e  s t ress  
a n a l y s i s  o f  e l l i p t i c  r i n g s  s u b j e c t e d  t o  b a l  
o f  c o n c e n t r a t e d  l o a d s  s y - m e t r i c a l  w i t h  r e s p  
jor a x i s  o f  t h e  e l l i p s e ,  an i l l u s t r a t i v e  p r  
cluded. 

CIIAR T S 

From s t r u c t u r a l  t h e o r y  and diiilensional r e a s o n i n g ,  i i t  
follows t h a t  t h e  s h e a r ,  tlnrust, am3 moment, r e s p e c t i v e l y ,  
a t  any p o i n t  i n  a r i n g  sizbjected t o  any System o f  e x t e s -  

by t lowing eq ons! 

V = K W  (1) 

P = H t W  (2) 



p l a n a t o r y  and req-Lire no coinmont excep t  
char t s  t h e  p o s i t i o n  o f  the  l o a d s ,  W, i 
va luos  o f  which a r e  p , l o t t e d . a g a i n s t .  8 f 
a/b r a t i o s  i n  F i g u r e  6. 

LIXITATLOTT 02’ TBE CHARTS 

The c h a r t s  a r e  der ived ,  f o r  t h i n  r i n g s ,  r i n g s  i n  which 
t h e  dimensions o f  t h e  c r o s s  s e c t i o n  a r e  n i n a l l  as compared 
t o  t h e  dimensions o f  the e l l i p s e ,  b n t  n o t  s o  , s m a l l  that 
deformat ion  under  l o a d  b,eco;peo a p p r e c i a b l e  a d l  changes i n  
c u r v a t u r e  cannot  be c l o s e l y  approximated by t h e  second de- 
r i v a t i v e .  Consequent ly ,  the.  c h a r t s  must be cons ide red  as 
approxirhate O i l l y .  F o r  r i n g s  o f  t h e  p r o p o r t i o n s  u s u a l l y  
encountered  i n  the d e s i g n  o f  izl.ain fr2,mes f o r  monocoqua fu- 
selages t h e  approximat ion  should be c l o s e ,  

ILLUS T E A T I  VE PRO3LEU 

Given: An e l l . i p t i c  r i n g  

a 
b 

a = 25 i n c h e s ;  b = 34.7 
1.70 loaded  i n c h e s ;  - = 

as s h o w n .  

t h rus t ,  and moment (Vat P a ,  
and Id&) a t  t h e  ends o f  t h e  
m i  n o r a x i  s . 

/ -- 
Required:  To  f i n d  t h o  shear, 

S o l u t i o n :  The p rocedure  re- 
q u i r e d  i s  t o  s e p a r a t e  t h e  
l o a d s  i n t o  a s e r i e s  of sin- 
p l e  cases,  A and B, f o r  
which the  c h a r t s  a r e  con- 
s t r u c t e d ,  Tho s h e a r ,  t h rus t ,  
and moment are then  calcu- 
l a t e d  f o r  each of t h e s e  s i m -  
pie c a s e s  and added algebra-  
i c a l l y .  For t h i s  problem 
t h r e e  simple c a s e s  are re-  

2000 1%. q u i r e d  as f o l l o w s :  



4 a ic a1 . 

From Figure 2 

From F i g u r e  3 

No = 0.002 X 2 5  X 2 , 0 0 0  = I00 
pound-inches , 

By i n s p e c t  i o n  

Vd = 99 pounds 

Pa = 0 pound 

i$d = M, -+ P a - 2 , 0 0 0  ( b  - 
b C O S  

= -1 ,490  pound- i n c h e s  

(9 7 = 100 4- 99 X 25  - 
2,000 (14 .7  - 1 4 . 7  X 0.862) . .  I 

, -  

Case 2 

From F i g u r e  6 

@ = 45.8' 

From F i g u r e  2 

, P a  = 0.095 x 2,1300 = 192 
p o u - z d s  

$Tois  F i g v r e  3 -7 

hfo = 0.029 X 25 X 2,000 = 
1 , 4 5 0  pound- i n c h e s  



cal X o t e  No. 

By i n s p e c t  i o n  

Vd -192 poun 

Pd = 2 ,000  P0u~~d.S 

Ma = Ido + Poa - 2 , 0 0 0  (1.3 - 
b cos (b ) = 1,450 + 192 X 
25 - 2,000 (14.7 - 14.7 X 
04697)  = -2,650 pound- 
inches  

Case 3 

BJ 

From F i g u r e  6 

= 45.8' 

\ Prom Figure  4 
\ 

\ 
\ Po = -0.92 X 2,000 = -1,840 

pounds 

3"rom Figure 5 

\ 
\ 

M, = 0.168 X 25 X 2 , 0 0 0  = 
8,400 pound- inches  

I 
I T B  en : 

'\ \ I  ' By i n s p e c t  i o n  

vd = -(-1,840) - 2 , 0 0 0  
Y-----2000 lb, 

-160 pounds 

Pa = 0 pound 

Ma =I Mo + Poa -4- 2 , 0 0 0  (a s i n  
(3j ) = 8,400 - 1,840 X 25 
C 2,000 ( 2 5  X 0.717) = 
-1,760 poan@-inches 



6 

T h e r e f o r e  t h e  shear , r u s t  , arid moment a,t t 
t h e  minor a x i s  ed problem are :  

---I- C23.e-3 Total 
f (-192) + (-160) = -253 pounds 

f ( 0 )  = 2 ,000  pounds 

5 0 )  + ( - 1 , 7 6 0 )  = -5,900 pound-inches 

I n  a similar manner t h e  s h e a r ,  t h r u s t ,  and  moment can 
be c a l c u l a t e d  a t  any p o i n t  l.3 t h e  r i n g .  B$ making a s e r i e s  
o f  suc :~  c a l c u l a t i o n s  f o r  a aunber  o f  Faints, t h e  maximum 
s t r e s s  i n  t h e  r i n g  may b e  determined.  

U n i v e r s i t y  o f  1 4 i  ch igaa , * 

A i l 3  A r b o r ,  l i i c i .  , DecerG'oer C ,  1 9 3 2 .  

I. ]!!iller, Roy 8.: A So l i l t i on  o f  t'ne C i r c u l a r  Bing. 
Ai.r.ray Age, Hay, 1931, 
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s 
Fig. 2 

Figure 2.- Thrust coelficients f o r  case A. 
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3'igc-re 3.- IIoineat coe l l ic i sa t s  f o r  case A .  
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2iLgnre 4.- Cmxt coeZficients f o r  case B. 



5T.A.C .A. 

.2 

Technical TTota No.444 Fig. 5 

F i b w e  5.- ?:ioc?ent coefficients f o r  case B. 
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Fig. G 

Figxre 6.- Val-Jes 0% @ . 


